Background It is widely believed that children of high socioeconomic status (SES) are more likely than those of low SES to develop acute lymphoblastic leukaemia (ALL). Such observations have led to wide-ranging speculations about the potential aetiological role of factors associated with affluence and modernization.
Historical data from resource-rich countries suggest that children of high socioeconomic status (SES) may be more likely than those of low SES to develop acute lymphoblastic leukaemia (ALL) in childhood. Although the evidence is far from conclusive (reviewed in ref. 1, 2) , such associations have been evoked in support of a wide-range of potential aetiological factors linked with affluence and modernization. This includes increased maternal age at child-bearing, improved levels of hygiene, and increased exposures in the home to powerfrequency magnetic fields from electrical appliances. 3, 4 Positive associations between high SES and ALL in children have been reported in some ecological studies. [5] [6] [7] [8] Such analyses generally cover comparatively long periods of time, the numerator usually being derived from cancer registrations and the denominator from census estimates-inaccuracies in either potentially producing spurious results. In contrast, most case-control studies have reported either no association 1, [9] [10] [11] [12] or the reverse-the lack of effect being ascribed by some to biased control recruitment. [13] [14] [15] It has also been suggested that since earlier studies (reviewed in ref. 16 ) were more likely to produce positive correlations and later ones the inverse, that risk factors have changed over time. 8 It is unclear, however, whether this change over time is real or is an artefact of the bias caused by different study designs. Data collected from a national case-control study are used in this report to investigate the potential impact of various sources of bias on the association between SES and ALL. The comprehensive nature of the data, coupled with complete case-ascertainment and representative population-based controls, permits a more thorough investigation of this topic than has been possible in the past.
Materials and methods
The United Kingdom Childhood Cancer Study (UKCCS) is a national population-based case-control study, and information about its conduct and ethical approvals are described in detail elsewhere. 3 Briefly, for the purposes of study management, 10
UKCCS administrative areas were created; the conduct of the study within each area being the responsibility of a single epidemiological centre (Fig. 1 Each FHSA/HB comprised, on average, 2206 census enumeration areas (range 147-7055). Employing methods described elsewhere, data from the 1991 UK census were used to assign a deprivation score to each enumeration area-151 719 in total. 3 Briefly, for each census area-which contains aggregated data on about 360 people (200 households) of which 70 are between the ages of 0 and 14-the proportion of households without a car, the number of overcrowded households, and the number of persons unemployed was calculated. Deprivation categories were produced by dividing the continuous deprivation score (range À6.15 to 17.75) for all enumeration areas into five equally sized groups, where group one represented the most affluent and group five the most deprived. Birth certificates for all eligible cases (4430) and controls (7663) were obtained from the Office for National Statistics (ONS). The National Health Service Central Register (NHSCR) provided copies of birth certificates for births occurring in England and Wales (87%) and the General Register Office (GRO) provided details in an electronic format for those registered in Scotland (13%). Birth certificates not only provide details about the child, i.e. name, sex, date of birth, and birth weight, but also mother's usual address, and father's employment status and occupation at the time of the birth. Occupation was coded using the UK 1990 Standard Occupational Classification Scheme, 18 and a measure of approximate social class derived using the Registrar General's social class classification scheme. These SES proxies, together with the deprivation score assigned to the address at the time of diagnosis (cases)/pseudo-diagnosis (controls), 3 form the basis of the report. In order to aid interpretation of any patterns that might emerge, four disease groups are considered-ALL alone, all leukaemias combined, all non-leukaemias, and all cancers. In the analyses presented, all cases are included regardless of whether their parents' were interviewed (3835) or not (595). While 3835 interviewed cases had two 'first-choice' controls selected, seven had only one, yielding 7663 in total-controls were not selected for the 595 non-interviewed cases. The 7663 nationally representative randomly selected controls form the basis of the comparisons made here-5526 had parents who were interviewed and 2137 had parents who were not. As in previous UKCCS publications [19] [20] [21] in order to increase precision and statistical power all available controls were used as the comparison group in the main analyses. Accordingly, odds ratios and 95% confidence intervals were estimated using unconditional logistic regression 22 with adjustment for UKCCS study area (n 5 10), sex, and age at diagnosis. To check for consistency, risk estimates were also calculated using conditional logistic regression. All analyses were performed in Stata. 23 Results Table 1 shows that at the time of diagnosis, the numbers of control families in each deprivation category was roughly equal (~20%) suggesting that, in terms of deprivation, the sample was broadly representative of Britain as a whole. Importantly, no differences between cases and controls are evident, either for all cancers combined [n 5 4430, odds ratio (OR) 5 1.00 (95% confidence intervals (CI) 0.98-1.01)] or for ALL in particular (n 5 1578, OR 5 0.99, 95%CI 0.96-1.01).
At the time of the child's birth, however, with comparatively more families living in less affluent areas, both control and case distributions appear less typical of the population as a whole. This reflects the fact that around half of the families moved after the birth of their child-generally to a more affluent area. Indeed, children living in areas classified as most deprived (category five) were twice as likely to move as those living in the most affluent areas (category one) ( Table 2 ). Once more, however, no case-control differences with respect to deprivation are evident.
At both time-points (birth and diagnosis), although the 595 non-interviewed cases tended to live in more deprived areas, the results were broadly similar when risk estimates were calculated using conditional logistic regression and the analysis was restricted to interviewed cases and their individually matched controls (Table 3) . Furthermore, no impact on the findings at the time of diagnosis was observed when children whose GP refused contact (601 of 7663) were included instead of their replacements (Table 4) . Unfortunately, it was not possible to repeat the time at birth analysis including children whose GP refused permission to contact, as no information on residence at birth was available.
Importantly, as expected for both cases (4430) and controls (7663), a positive correlation between the area-based measure of SES (deprivation score) and the individual-based measure of SES (social class assigned on the basis of father's occupation as recorded at birth certification) was observed (Spearman rank correlation 10.3, P , 0.0001) (Fig. 2) . Again, use of this individual-based measure revealed no case-control differences (x 2 5 1.6, P 5 0.4 for all cancers combined, and x 2 5 0.3, P 5 0.8 for ALL) ( Table 5 ).
With the exception of Table 3 , which excludes noninterviewed cases, the results described so far have been based on all cases and the first two randomly selected 'firstchoice' controls-regardless of whether or not their families agreed to participate. As in many case-control studies, when control parents refused a further family was selected and so on until two control families were recruited. In total 3835 case families (87% of all diagnoses) and 7621 control families (72% of the first two selected) were interviewed. When the analysis was restricted to participating (interviewed) families a positive association with SES emerged (Table 6 ).
Discussion
We found no evidence to support the suggestion that SES, and by implication the factors that underpin its assignment, is a determinant of childhood leukaemia. The completeness and representativeness of the UKCCS data is a major strength of our analyses. 3 With respect to cases, unlike many studies, we were not reliant on secondary sources for ascertainment. Indeed, in the years 1993-1994, when all childhood malignancies diagnosed in England, Wales, and Scotland were actively targeted, the number identified (all cancers 5 2650, of which 722 were ALL) was~10% higher than predicted on the basis of cancer registration. 24 There are two possible areas relating to control data omission that could potentially have influenced the findings presented here. The first relates to the lack of controls for cases who were not interviewed (595 of the 4430), and the second relates to the omission of control families whose GPs did not give permission for them to be approached (601 of the 7663). With respect to the former, non-interviewed cases were scattered across all 10 UKCCS administrative areas. Although within these areas non-interviewed cases tended to live in marginally more deprived neighbourhoods than interviewed cases, there is no reason to suspect that the SES distribution of their controls-had they been selected-would have differed from the overall control distribution. This is because, the populationbased sampling frames for control selection were large, each being around 122 278 children (650 300 people), ensuring that overmatching on SES was unlikely. With respect to the latter, the reasons why GPs declined are complex and were not necessarily related to the SES of the family. Accordingly, when the analyses were repeated including these children in the comparison group rather than the children who replaced them, there was no impact on the findings at the time of diagnosis (Table 4) , and it seems improbable that they would have affected the findings at birth.
Incomplete case ascertainment is also important, although it is generally considered less often. In our data, broadly similar results were seen for the unmatched analyses which included all cases and first choice controls (Table 1) , and the matched analyses that was restricted to interviewed cases and their individually matched first choice controls (Table 3) . Nonetheless, the exclusion of the 595 non-interviewed cases lowered the estimates in the most deprived categories-across all diagnostic groups, not just ALL. Indeed, although the effect is small, it is possible that systematic SES variations in case ascertainment could contribute to the pattern of results seen in some ecological studies, [5] [6] [7] [8] leading to the erroneous conclusion that childhood leukaemia is less common among the poor.
Although not a major factor in the findings presented here, the effects of missing information can be considerable in For controls this corresponds to the year and age at diagnosis of their matched case. OR (odds ratios) and 95% CI (confidence intervals) adjusted for age, sex and region were estimated using unconditional logistic regression. Central nervous system, Non-Hodgkin Lymphoma, Hodgkin Lymphoma, peripheral neural tumours, retinoblastomas, soft tissue sarcoma, carcinomas, renal tumours, hepatic tumours, bone tumours, Langerhan's cell histiocytosis germ cell tumours, and other lympho-reticular and unspecified tumours. OR (odds ratios) and 95% CI (confidence intervals) adjusted for age, sex, and region were estimated using conditional logistic regression.
Table 5
Distribution of cases and controls by social class based on fathers' occupation at time of birth
Leukaemia All cancers
All types combined Acute Lymphoblastic (ALL)
Number of subjects Central nervous system, Non-Hodgkin Lymphoma, Hodgkin Lymphoma, peripheral neural tumours, retinoblastomas, soft tissue sarcoma, carcinomas, renal tumours, hepatic tumours, bone tumours, Langerhan's cell histiocytosis germ cell tumours, and other lympho-reticular and unspecified tumours. OR (odds ratios) and 95% CI (confidence intervals) adjusted for age, sex, and region were estimated using unconditional logistic regression. epidemiological studies examining SES proxies. In general, the lower the SES the more likely it is that data will be missed. This may be more apparent in case-control studies, where participation is often differential-participation rates among controls falling more steeply with SES than participation rates among cases. 25, 26 In our data, for example, when the analysis was restricted to subjects who agreed to be interviewed odds ratios appeared to be higher among the less affluent. This is because less affluent control families were more likely to refuse to be interviewed. This bias, which can in turn result in artefactual correlations between disease and the wide range of exposures linked to SES, bedevils the interpretation of data from many case-control studies.
Our study is unusual in that we were also able to look across the country as a whole at SES markers at two time points in the child's life-birth and diagnosis. In our data, families from more deprived areas were more likely to have moved between birth and diagnosis-generally to more affluent areas. This change not only illustrates how mobile families are, but also illustrates the transient nature of area-based measures of SES, emphasizing the importance of measuring area-based scores of SES at the same time points for cases and the comparison group.
Most studies that have investigated SES and childhood leukaemia have only used one indicator of SES-either based on the individual 12, 13 (occupation, education, etc.) or on the area in which they live 10 (deprivation urban/rural etc.).
We had both measures available at birth where, reassuringly, the correlation between paternal occupation-based social class and area-based deprivation at birth was good. It is important to note that since occupation was recorded at birth registration, the data are relatively complete and are not subject to errors introduced by recall bias. Unfortunately, these analyses could not be repeated at diagnosis since occupational information was not available for non-responders. In summary, we believe that the small effects reported for SES in some past studies of childhood leukaemia may be artefactual. Our findings, which are based on the analyses of data with complete UK coverage, suggest that SES in the UK is not a determinant of childhood ALL. 
